Epithelioid hemangioendothelioma
Incidence, Demographics. and Terminology Epithelioid hemangioendothelioma (EHE) is a rare soft tissue tumor, substantially less common than angiosarcoma, but given the more indolent nature of the tumor it encompasses a larger prevalent population. 1 It occurs in a younger population, with a peak incidence in the 4th to 5th decade. 2 Women appear to be affected more commonly than men. In a survey of EHE patients from an EHE support group, overall survival was 73% at 5 years. 3 EHE of soft tissue was first described by Weiss and Enzinger. 4 As its clinical behavior is intermediate between a benign hemangioma and a high-grade angiosarcoma, the term 'hemangioendothelioma' was suggested. Subsequently, EHE of soft tissue was stratified into two risk groups of malignancy, classic and malignant EHE, based on mitotic activity and size, in an effort to reflect different biological subsets. 5, 6 Pathological Features
EHEs have a propensity for angiocentric growth, expanding the vessel wall, obliterating the lumen and spreading centrifugally into surrounding tissue where they induce a sclerotic response ( Figures  1a-c) . Microscopically, EHE are arranged in single files, cords and small nests (Figures 1d,e) , typically lacking well-formed vascular channels, with only immature, intracytoplasmic lumina being observed (Figures 1f). Other distinctive features include an infiltrative growth pattern, encasing surrounding structures and lack of a lobular growth pattern typically seen with benign hemangiomas. EHE cells are separated by a characteristic extracellular sulfated acid-rich matrix, varying from a light blue (myxoid, myxo-chondroid, Figures 1f,g ) to a deep pink (hyaline, Figure 1h ) extracellular stroma. The cells have a pale to more densely eosinophilic cytoplasm containing vacuoles, which deform the cytoplasm, so-called 'blister cells'. Some vacuoles contain fragmented erythrocytes. In most cases, the cells show a low nuclear grade, however, a small subset of cases show moderate to marked nuclear pleomorphism, with overt hyperchromasia and increased mitotic activity (Figure 1i ). This latter appearance may be quite challenging to separate from angiosarcoma in a small biopsy sample.
Genetics
A t(1;3)(p36.3;q25) translocation was initially reported in two cases of EHE, suggesting that this may represent a recurrent abnormality in this subgroup of tumors. 7 Ten years later, two back-toback studies, using different methodologies, were able to clone the genes involved in the t(1;3)(p36.3;q25) translocation. 8, 9 WWTR1 (also called TAZ), on 3q25, is a gene involved in 14-3-3 transcriptional factor activation and signaling in the hippo pathway that is normally highly expressed in endothelial cells. 10 WWTR1 fuses to CAMTA1, on 1p36, which belongs to a family of calmodulinbinding transcription activators, normally found only in brain. The 1p36 region is frequently lost in neuroblastoma and gliomas, implicating CAMTA1 as a tumor suppressor gene. 11, 12 Most cases with classic morphology (ie, lacking mature vascular channel formation) examined so far contain this translocation, 8, 9 which is not directly targetable with present day therapeutics, but may reveal downstream targets in future studies.
In 50% of cases, EHE have a multifocal clinical presentation. 3 It has long been debated if this occurrence is truly multifocal or represents an unusual pattern of loco-regional metastasis. This is particularly relevant in visceral EHE, where the multifocal disease is limited to one organ (ie, liver, Figure 1 Conventional epithelioid hemangioendothelioma, pathological findings: (a) gross appearance of an epithelioid hemangioendothelioma (EHE) of the superior vena cava, tumor being entirely confined to the vein wall; (b) van Gieson elastic stain highlighting the elastic structure of a vessel wall showing complete obliteration with tumor; (c) angiocentric growth involving a small vessel wall in a soft tissue EHE; microscopic appearance showing cords (d) or solid sheets (e) of epithelioid cells with moderate amount of pale eosinophilic cytoplasm; (f) the presence of intracytoplasmic lumens (blisters cells) is a common feature, as is the myxochodnroid quality of the extracellular stroma; occasionally the matrix may more myxoid (g) or hyalinized (h) in appearance. (i) Malignant EHE with hyperchromasia, nuclear pleomorphism and increased mitotic activity. lung), without dissemination to other distant sites. As a result of this clinical behavior, patients with multifocal liver EHE are candidates for liver transplantation. Thus, by analysis of WWTR1-CAMTA1 breakpoints in multiple nodules from two patients with multifocal hepatic EHE, we were able to prove recently that this phenomenon is monoclonal, representing metastatic implants of the same neoplastic clone rather than a 'field-effect' or synchronous occurrence of multiple neoplastic clones. 13 In a recent study, we identified the presence of YAP1-TFE3 gene fusion in a specific subset of EHE, lacking the WWTR1-CAMTA1 fusion and displaying a somewhat distinct morphology and strong TFE3 expression by immunohistochemistry. 14 YAP1 transcriptional co-activator is a major downstream effector of the Hippo pathway and shares significant functional and sequence homology with WWTR1. As the S127 14-3-3 binding site, WW domain and its C-terminal transactivation domain are not retained in the fusion, it is most likely that YAP1 provides a strong promoter to the oncogenic TFE3 function of the fusion protein. 14 The anatomic distribution of these lesions is mainly within soft tissue, ranging from head and neck, trunk and extremities, with only one case occurring in the bone (vertebral body). Additional cases were seen in the lung, with multifocal presentation.The tumors occurred in young adults, with a mean age of 30 years old, with no gender predilection. Microscopically, the tumors had abundant eosinophilic cytoplasm and well-developed vasoformative channels in most cases, compared with the classic EHE harboring WWTR1-CAMTA1 fusion. However, a morphological overlap between the two genetically distinct subsets of EHE was noted in few cases, with predominance of solid or nested-like growth pattern (Figure 2d ). The tumors expressed endothelial markers (CD31 and ERG, Figure 2e ), as well as strong nuclear TFE3 (Figure 2f ), but were negative for cytokeratin and HMB45. In our series, the 10 patients followed an indolent clinical course, despite a high propensity for metastasis. In summary, the morphological hallmark for these tumors appeared to be the voluminous eosinophilic cytoplasm with mild-to-moderate cytological atypia and distinct vasoformative features. Larger studies are required to establish if TFE3-rearranged EHE have a distinct clinical behavior, compared with the more common EHE variant.
Prognostic Factors
The majority of soft tissue EHEs are indolent. However, 20-30% of tumors metastasize, and about 15% of patients die of their disease. 4, 15 This contrasts with the behavior of most angiosarcomas. Overtly malignant lesions typically pursue an aggressive course. A combination of mitotic activity and tumor size have been used to stratify tumors into low and high-risk groups: patients with tumors 43 cm in diameter and having more than three mitoses/50 HPFs have a 5-year disease-specific survival of 59% in contrast to 100% survival in patients whose tumors lacked these features. 5 In their study, however, the presence of nuclear pleomorphism and necrosis were not indicative of adverse outcome. Furthermore, these criteria do not apply for multifocal presentation and visceral locations. Thus, larger studies are needed to better define prognostic criteria in molecularly defined EHE patients.
Angiosarcoma

Incidence and Demographics
Angiosarcoma may arise in any part of the body, but is more common in soft tissue than in bone. The peak age of incidence appears to be the 7th decade, and men are affected more than women. The head and neck area is probably the most common site of diagnosis, and the most common site of radiationinduced angiosarcoma development is the breast. After rhabdomyosarcoma, angiosarcoma is probably the second most common sarcoma to arise from germ cell tumors. 16 
Pathogenesis
The most common cause of angiosarcoma appears to be therapeutic radiation, which was a well-recognized cause of hepatic angiosarcoma in the era when the thorium containing contrast agent Thorotrast was employed. 17 Presently, the breast is the most common anatomic site affected by radiationinduced angiosarcoma. 18 Angiosarcomas may arise after exposure to vinyl chloride, although they remain rare tumors even in an exposed population. 19 Angiosarcomas are also observed after lymphedema from any cause, be it surgical, filarial or congenital, and defined as Stewart-Treves syndrome. 20 
Pathological Features
Soft tissue angiosarcomas are multinodular hemorrhagic masses often with secondary cystic degeneration and necrosis. They display a wide spectrum of morphological appearances, ranging from areas of well-formed, anastomosing vessels (Figure 3a) to solid sheets of high-grade epithelioid or spindled cells without clear vasoformation (Figures 3b,c) . Multiple patterns may be present in the same tumor. Vasoformative areas consist of ramifying channels lined by atypical endothelial cells forming intraluminal buds and papillations. Solid areas lacking vasoformation are composed of high-grade spindled and epithelioid cells with abundant amphophilic to lightly eosinophilic cytoplasm, large vesicular nuclei and prominent nucleoli. Tumors in which these epithelioid cells predominate are classified as 'epithelioid angiosarcomas.' They are commonly confused with carcinomas because of morphological and immunophenotypic similarities. 21, 22 The vast majority of angiosarcomas of soft tissue are high-grade neoplasms with brisk mitotic activity, coagulative necrosis and significant nuclear atypia. Extensive hemorrhage is commonly present and may suggest a hematoma. Careful sampling may be necessary to document malignant cells.
Angiosarcomas express the typical vascular markers: CD34, CD31, Fli1, ERG and occasionally podoplanin (D2-40), a lymphatic marker. [23] [24] [25] [26] Given differences in sensitivity and specificity, a panel of antibodies should be used. [23] [24] [25] Some angiosarcomas co-express epithelial antigens (EMA, Cam5.2 and AE1/3), a fact that should be considered in distinguishing them from carcinoma. Immunostaining for the Kaposi sarcoma herpes virus is negative.
Genetics
By gene expression profiling angiosarcomas show distinct upregulation of vascular-specific receptor tyrosine kinases, including TIE1, KDR, TEK and FLT1, compared with other sarcoma types. 27 In a subset (10%) of tumors KDR mutations (encoding for VEGFR2) were identified, which correlates with strong KDR protein expression and breast anatomic location regardless of exposure to radiation. 27 The hot spot mutations were dispersed among extracellular, transmembrane and kinase domains of KDR. Transient transfection of the KDR mutants showed ligand-independent activation of the kinase, which was inhibited by specific KDR inhibitors, such as sunitinib and sorafenib. 27 Furthermore, high level MYC amplification on 8q24 is a consistent hallmark of radiation-induced and lymphedema-associated angiosarcoma. 28, 29 FLT4 (encoding for VEGFR3) co-amplification on 5q35 is detected in 25% of secondary angiosarcoma. Both MYC and FLT4 gene abnormalities have not been reported in radiation-associated atypical vascular lesions, thus far and can serve as a powerful molecular or immunohistochemical test in difficult cases (Figures 3d-f) . [29] [30] [31] The most common pattern of amplification for both MYC and FLT4 is present as large, confluent, usually single regions rather than individual small signals, known as 'homogeneous staining regions' (Figure 3f) . A small subset of primary angiosarcoma (ie, breast and bone) have also shown to carry MYC gene amplification. 32 In our experience, MYC amplification was not detected in radiation-induced sarcomas that do not show an angiosarcoma phenotype. 29 MYC has a crucial role in growth control, differentiation and apoptosis, and its aberrant expression is associated with several cancers. More recently, MYC was also implicated as having a major contribution in tumor angiogenesis, 33, 34 by upregulating one of its direct targets, the miR-17-92 cluster. The predicted targets of miR-17-92 cluster are thrombospondin-1 (THBS1), encoding a potent endogenous inhibitor of angiogenesis, and connective tissue growth factor (CTGF), encoding an extracellular matrix-associated molecule involved in angiogenesis and metastatic progression. 34 Indeed, a significant upregulation of miR-17-92 cluster is present in MYC-amplified angiosarcoma compared with angiosarcoma lacking MYC amplification and other vascular lesions. 32 The mRNA expression of both THBS1 and CTGF was found to be significantly downregulated in the MYCamplified angiosarcoma compared with other subsets. 32 Thus, MYC amplification has a crucial role in the angiogenic phenotype of angiosarcoma through upregulation of the miR-17--92 cluster, which subsequently downregulates thrombospondin-1 (THBS1), a potent endogenous inhibitor of angiogenesis. 32 In contrast to other sarcomas with complex genomics, angiosarcoma shows a very low level of alterations in the p53 and PIK3CA/AKT/mTOR pathways. Specifically, no PTEN alterations were identified in a large series of angiosarcoma samples, including both primary and secondary cases. 35 Furthermore, p53 mutations were detected in only 4% of cases, despite P53 overexpression by immunohistochemistry in 49% of tumors. Surprisingly, the P53 protein overexpression correlated with an inferior disease-free survival. Phosphorylated ribosomal protein S6 kinase (p-S6K) and/or phosphorylated eukaryotic translation initiation factor 4E binding protein 1 (4E-BP1) overexpression was noted in 42% of patients, suggesting frequent activation of the PIK3CA/AKT/mTOR pathway. 35 No BRAF or NRAS hot spot mutations were detected. 
Site-Specific Pathological and Genetic Findings
Head and Neck Angiosarcoma represents the most prevalent subset and has a predilection for the sunexposed skin of the scalp in older individuals. Their morphological appearance is somewhat distinct from other locations by its common association with a heavy lymphocytic infiltrate that can obscure its findings (Figure 3g) . The lesions are typically composed of deceptive but highly infiltrative vascular proliferation, lined by relatively uniform cells, with scant cytoplasm and small but hyperchromatic nuclei. Due to its subtle cytological features of malignancy as well as dense inflammatory infiltrate an overt diagnosis of angiosarcoma may require repeated core biopsies. No specific molecular abnormalities have been so far associated with this clinico-pathological subset.
Primary breast angiosarcoma represents a unique subtype, occurring in younger women (peak in the 3rd and 4th decade of life), deep within the breast parenchyma. Not infrequently the lesions are quite well-differentiated, being composed of small to medium sized vascular channels, lined by flattened and relatively bland endothelial cells (Figure 3h,i) . In some cases, the morphology is highly reminiscent of a hemangioma and a definitive distinction may not be possible in small core biopsies. The most important distinguishing factor is the diffuse infiltrative growth pattern within the breast parenchyma, which can help excluding a benign vascular neoplasm in a larger biopsy/lumpectomy. Primary breast angiosarcoma is also the only subtype for which histological grading (three-tier grading scheme based on the degree of vascular formation and cytological atypia) has been shown to correlate with outcome. 36, 37 However, this concept has been recently challenged by Nascimento et al 38 , who found no correlation between histological grade and survival. Larger studies, including patients homogeneously treated at a single institution, are required to elucidate the role of histological grading in this subset of angiosarcomas. About 10% of cases show activating mutations in the KDR gene (encoding for VEGFR2). 27 Radiation-induced and lymphedema-associated angiosarcoma are cutaneous lesions, which occur either in the radiation field (mostly radiotherapy for breast cancer) or in areas exposed to chronic lymphedema (mostly secondary to breast cancer). The patients typically present with multiple, illdefined hemorrhagic plaques or firm nodules on the skin. Microscopically, the lesions involve the dermis and in locally advanced cases extend to underlying soft tissue and/or residual breast parenchyma. The tumors have an infiltrative growth and a variable degree of vasoformative features. Quite often tumors show a predominantly solid pattern, with wellformed vascular channels being a more focal finding. The lesional cells are round to epithelioid, with ill-defined cell borders and scant amphophilic cytoplasm and enlarged nuclei with either densely hyperchromatic or vesicular chromatin with prominent nucleoli. The morphology of the lymphedemaassociated angiosarcoma (Stewart-Treves syndrome) recapitulates very closely the features described above for radiation-associated disease. Most angiosarcomas (490%) in this group show high level of MYC amplification and in about 25% co-amplification of FLT4 (encoding for VEGFR3), which can be readily detected by FISH. 29 
Prognostic Factors
Soft tissue angiosarcomas are aggressive malignancies with a high rate of tumor-related deaths. Over half die within the first year. 39 Features that are associated with poor outcome include older age, retroperitoneal location, large size and high Ki-67 values. 39, 40 Differential diagnosis of epithelioid vascular tumors
Histologically, epithelioid vascular tumors show remarkable similarities, and diagnostic criteria to differentiate them still involve significant subjectivity. Particularly problematic has been the wide recognition of epithelioid hemangioma within bone, which historically has been lumped under the 'hemangioendothelioma' group of tumors, and only recently has been accepted as a distinct entity from EHE. 41 Diagnostic challenges exist at the malignant end of the spectrum as well, the distinction between the so-called malignant EHE and high-grade epithelioid angiosarcoma can be quite arbitrary in a small sample material or when the angiosarcoma lacks vasoformative properties. Clinical behavior and, consequently, treatment and prognosis vary significantly among vascular tumors; thus, it is paramount to effectively distinguish them from each other.
The significant morphological overlap between these entities across the benign to malignant spectrum of epithelioid vascular neoplasms underscores the need for objective molecular markers to assist in an accurate classification. The presence of WWTR1-CAMTA1 fusion, typical for EHE, has not been detected in any of the morphological mimics, such as epithelioid hemangioma, pseudomyogenic hemangioendothelioma (epithelioid sarcoma-like hemangioendothelioma) or epithelioid angiosarcoma, and thus can serve as a useful molecular diagnostic tool in challenging cases. The presence of TFE3 immunoexpression and/or TFE3 gene rearrangement by FISH can confirm an unusual form of EHE with mature vessel formation from an epithelioid hemangioma.
Epithelioid Hemangioma
Epithelioid hemangioma is associated with a lobulated or multinodular growth, with a wellcircumscribed or pushing border, showing overt vasoformative properties, with 'mature' vessels containing open lumina. The lesional cells show abundant, densely eosinophilic cytoplasm and may occasionally reveal the so-called 'tomb-stone' appearance. In some tumors, however, the cytoplasm has a more fine, feathery or foamy appearance, resembling that of histiocytic cells. Intracytoplasmic vacuoles may be present but typically not as a predominant feature. The nuclei may be enlarged with irregular nuclear contours and occasional grooves, but the cytological atypia is typically mild, lacking hyperchromasia or macro-nucleoli. Diagnostic pitfalls typically occur due to its under-recognized morphological spectrum, including solid growth, paucity or lack of eosinophils, the presence of mixed spindle and epithelioid growth patterns, as well as mild cytological atypia. The presence of spindling within an epithelioid hemangioma was not well recognized early on. Tumors displaying either a spindle or mixed epithelioid and spindle cell morphology were interpreted instead as a distinct variant of hemangioma, so-called 'hemorrhagic epithelioid and spindle cell hemangioma'. 42 This benign tumor, with propensity for multifocal presentation and acral bone involvement, showed some distinctive features from the typical epithelioid hemangioma, including abundant extravasated red blood cells and an admixture of epithelioid cells with bland spindle cells arranged in short fascicles. The authors have later acknowledged that this lesion represents in fact a histological variant of epithelioid hemangioma. 43 Moreover, the presence of eosinophilic stromal infiltrate is only occasionally seen in the deep-seated soft tissue or bone epithelioid hemangioma, in contrast with their cutaneous counterpart.
Further confusion may occur upon review of the radiographic findings, which often show a locally aggressive and/or multifocal presentation, suggestive of malignancy. 44 In fact, the radiological appearance of epithelioid hemangioma is not specific, having significant overlap with malignant vascular lesions, such as EHE or angiosarcoma.
Rare cases of epithelioid hemangiomas have been reported to carry TEK (TIE2) mutations; however, we were not able to detect mutations in the TIE2 hot-spots in 20 cases (unpublished, Cristina Antonescu personal communications). Particularly, important is the lack of CAMTA1, WWTR1 and TFE3 gene rearrangements in epithelioid hemangioma, which can be used to exclude an EHE diagnosis in challenging cases.
Pseudomyogenic Hemangioendothelioma (Epithelioid Sarcoma-like Hemangioendothelioma)
Epithelioid sarcoma-like hemangioendothelioma was initially described by Billings et al, 45 as showing morphological features more in keeping with an epithelioid sarcoma, composed of epithelioid cells with dense, eosinophilic cytoplasm, but expressing endothelial markers, such as CD31 or Fli1, in addition to epithelial markers. The clinical features reported included multifocal presentation in the dermis and subcutis of the limbs of young adults, and associated with rare loco-regional metastases.
More recently, Hornick et al 46 expanded the histological spectrum of this entity, showing that a significant number of these lesions show in fact a strikingly rhabdomyoblast-like appearance, with a brightly eosinophilic cytoplasm. Based on their findings, the term 'pseudomyogenic hemangioendothelioma' was preferred to better reflect the myoid-appearing spindle cell morphology. The lesions showed a distinctive, often multicentric presentation, in different tissue planes of a limb. The clinical presentation is indolent with a very low rate of loco-regional metastases. The tumors showed diffuse positivity for AE1:AE3 and Fli1, but variable reactivity for CD31. One of their cases was found to harbor a t(7;19) translocation. 47 
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